Buggy Creek virus (BCRV) is an unusual arbovirus within the western equine encephalitis complex of alphaviruses. Associated with cimicid swallow bugs (Oeciacus vicarius) as its vector and the cliff swallow (Petrochelidon pyrrhonota) and house sparrow (Passer domesticus) as its amplifying hosts, this virus is found primarily in the western Great Plains of North America at spatially discrete swallow nesting colonies. For 342 isolates collected in Oklahoma, Nebraska, Colorado and North Dakota, from 1974 to 2007, we sequenced a 2076 bp region of the 26S subgenomic RNA structural glycoprotein coding region, and analysed phylogenetic relationships, rates of evolution, demographical histories and temporal genetic structure of the two BCRV lineages found in the Great Plains. The two lineages showed distinct phylogeographical structure: one lineage was found in the southern Great Plains and the other in the northern Great Plains, and both occurred in Nebraska and Colorado. Within each lineage, there was additional latitudinal division into three distinct sublineages. One lineage is showing a long-term population decline. In comparing sequences taken from the same sites 8-30 years apart, in one case one lineage had been replaced by the other, and in the other cases there was little evidence of the same haplotypes persisting over time. The evolutionary rate of BCRV is in the order of 1.6-3.6¾10 "4 substitutions per site per year, similar to that estimated for other temperate-latitude alphaviruses. The phylogeography and evolution of BCRV could be better understood once we determine the nature of the ecological differences between the lineages.
INTRODUCTION
Buggy Creek virus (BCRV, family Togaviridae) is an unusual alphavirus known mostly from the western Great Plains of North America. A single-stranded, positive-sense RNA virus that is part of the western equine encephalitis antigenic complex, BCRV is vectored primarily by the swallow bug (Hemiptera, Cimicidae, Oeciacus vicarius), an ectoparasite of the colonially nesting cliff swallow (Passeriformes, Hirundinidae, Petrochelidon pyrrhonota). The closely related Fort Morgan virus (FMV; Hayes et al., 1977; Calisher et al., 1980) reported from Colorado is a strain of BCRV (Pfeffer et al., 2006) that is also vectored by swallow bugs. Vertebrate amplifying hosts for BCRV include cliff swallows and introduced house sparrows (Passeriformes, Passeridae, Passer domesticus) that occupy nests in swallow colonies (Scott et al., 1984; Hopla et al., 1993) . The transmission cycle for this virus is not well understood. BCRV appears to be capable of overwintering in bugs at temperate latitudes as far north as southern North Dakota (Strickler, 2006 ; C. R. Brown, A. T. Moore & S. A. Strickler, unpublished data) . This virus is not known to cause disease in humans, but large numbers of nestling house sparrows are infected at some sites, and mortality among those infected can be high (V. A. O'Brien and C. R. Brown, unpublished data) .
Because the wingless swallow bugs are sedentary during much of the year and confined to cliff swallow colony sites, the spatial foci for BCRV occurrence are discrete and predictable (Brown et al., 2001; Moore et al., 2007) . When bugs do move (on birds) from site to site, the extent of this movement can be estimated based on known movement probabilities of cliff swallows (Brown et al., , 2008 . Consequently, spatial structure of BCRV population genetics can be studied at a finer scale than in most arboviruses vectored by insects and amplified by birds.
An earlier phylogenetic analysis of BCRV isolates from primarily a single year (2001) revealed the existence of two major virus lineages (Pfeffer et al., 2006) . Within these lineages, we found some degree of spatial structure, with isolates taken from colony sites closer together more alike phylogenetically than isolates from more distant localities (Pfeffer et al., 2006) . These analyses indicate that BCRV exhibits an unusually high degree of spatial structure for an alphavirus, many of which are relatively genetically homogeneous over large geographical regions (Weaver et al., 1993; Cilnis et al., 1996; Poidinger et al., 1997; Brault et al., 1999; Sammels et al., 1999) . The two sympatric BCRV lineages differ from each other by .6 % at the nucleotide level (Pfeffer et al., 2006) , which is about twice that seen between the geographically disparate lineages of the related Western equine encephalitis virus (WEEV; Nagata et al., 2006) .
Little is known about the geographical range or the extent of evolutionary differences between the two BCRV lineages, other than that both co-circulate in some of the same swallow colony sites in south-western Nebraska. Thus, one objective of this study was to determine the phylogeographical distribution of the two lineages in the western Great Plains and the extent to which they co-occur over broader geographical regions. We also examined rates of molecular evolution of the two lineages, using nucleotide substitution data, as a way to infer whether these lineages may be under different selective pressures potentially brought about by, for example, differences in host use or geography.
The predictable occurrence of BCRV at specific cliff swallow colony sites also allows us to examine the temporal distribution of virus haplotypes. Understanding how the distribution of genetic variants in arboviruses changes with time is important in predicting where epizootics or epidemics may occur (Holmes, 2004; Moya et al., 2004) , but there are few studies that have systematically sampled a given virus in the same locality with high enough virus prevalence to determine the extent of haplotype stability. If certain haplotypes are replacing others and increasing in abundance, this may mean that these variants are favoured in some environments. In this study, we used data spanning 33 years to examine temporal structure in the population genetics of BCRV and the evolutionary histories of the two lineages.
As in the earlier analysis of BCRV (Pfeffer et al., 2006) , here we used sequence data for a 2076 bp region of the viral subgenomic 26S RNA, including the entire E2 gene. The E2 and E3 genes in alphaviruses code for glycoproteins that are responsible for cell receptor binding (Navaratnarajah & Kuhn, 2007) . This region of the genome is most sensitive to selection brought about by the immune systems of different hosts (Strauss & Strauss, 1994; Powers et al., 2001; Pfeffer et al., 2006) , and the E2 region also determines infection of invertebrate vectors (Brault et al., 2002) . If there are functional differences among virus isolates that reflect varying levels of adaptation to cell receptors of different hosts or vectors, they are likely to be expressed in the E2 gene. In addition, the E2 gene has been used in other alphaviruses to infer phylogeographical patterns (Oberste et al., 1998; Kramer & Fallah, 1999; Kondig et al., 2007) , enabling a comparison of BCRV with related viruses. Our analyses were aimed at better understanding the spatial and temporal genetic structure and processes of evolutionary change in an alphavirus that is closely related to WEEV, a widely distributed virus with medical and veterinary significance (Reisen & Monath, 1989; Weaver et al., 1997) .
METHODS
Study organisms. BCRV isolates collected in this study were from swallow bug vectors. The swallow bug is an ectoparasite primarily of cliff swallows and is found throughout the bird's wide geographical range (Brown & Brown, 1995) . Swallow bugs are nest-based parasites that overwinter in cliff swallows' nests or in the cracks and crevices of the nesting substrate near the nests. They are haematophagous, feeding on the birds mostly at night, and they travel on the adult birds only briefly (Brown & Brown, 1996 . Swallow bugs are long-lived and begin to reproduce as soon as they feed in the spring. The birds do not use all of the colony sites in a given year (Brown & Brown, 1996) , and the bugs seem to be adapted to withstanding long periods of host absence (Smith & Eads, 1978; Rannala, 1995) . The bugs also parasitize house sparrows that nest in some cliff swallow colonies (Hopla et al., 1993; Brown et al., 2001) .
Cliff swallows are highly colonial passerines that breed throughout most of western North America (Brown & Brown, 1995) . They build gourd-shaped mud nests and attach them to the vertical faces of cliff walls, rock outcrops or artificial sites such as the eaves of buildings or bridges. Cliff swallows are migratory, wintering in southern South America, and have a relatively short breeding season in North America from April to July.
House sparrows were introduced into North America from Europe in the late 1800s and are found in all parts of the USA (Lowther & Cink, 1992) . House sparrows usurp active cliff swallow nests and will occupy them until the nests fall from the substrate. Numbers of sparrows vary among colony sites, with some colonies having none and others having only sparrows. House sparrows are non-migratory and resident around the swallow colonies throughout the year. (Brown & Brown, 1996) . Approximately 170 cliff swallow colony sites are in the 200660 km study area; about a third of these are not occupied by swallows in any given year. The study site is described by Brown & Brown (1996) and Brown et al. (2008 Hayes et al., 1977) ; from near Ault, Weld County, north-eastern Colorado, in July 2001 (Pfeffer et al., 2006) ; and from the original collection site of BCRV in Grady County, west-central Oklahoma, in July 2006. We also had sequence data for reference strains of BCRV and FMV from the Centers for Disease Control's diagnostic collection, isolated from swallow bugs and sera of house sparrows in 1981 -1983 in Grady County, Oklahoma, and in 1974 -1977 in Morgan and Logan counties, Colorado, respectively (Pfeffer et al., 2006) .
Field collections of bugs. At sites with active cliff swallow nests, swallow bugs were collected from the outsides of the nests by brushing bugs off nests into a wide-mouthed collecting jar. At inactive colony sites, we removed nests to expose bugs on the substrate behind the nests and harvested additional bugs by sorting through the mud nest fragments. We sampled bugs from throughout a colony site (in parts where nests were accessible). Bugs were sorted into pools of 100 individuals while alive and frozen immediately at 270 uC. Additional details on field sampling and collecting are given in Moore et al. (2007) and Brown et al. (2007) . Moore et al., 2007) , or were not tried on Vero cells, were sequenced directly from the RT-PCR product. Viral RNA was extracted from 100 ml of the infectious pre-cleared supernatant of a Vero cell passage or from the bug-pool homogenates using the Qiagen Qiamp Mini Viral RNA extraction kit. Five microlitres of the eluted RNA suspension was used as a template in an alphavirus RT-PCR to amplify a 2076 bp fragment of the structural glycoprotein region within the subgenomic 26S RNA (Pfeffer et al., 2006; Brown et al., 2008) .
Phylogenetic analyses. A total of 177 unique BCRV sequences, each comprising 2076 bp from the capsid (189 bp), the E3 (183 bp), the E2 (1269 bp), the 6K (165 bp) and the E1 (270 bp) regions, were found among the 342 isolates sequenced. Unique sequences were identified using Collapse version 1.2 (Posada, 2004) . Maximumlikelihood (ML) and Bayesian inference (BI) phylogenies were reconstructed for (i) all three codon positions and (ii) using the first-and second-codon positions only. PAUP* 4.0b10 (Swofford, 2002) and MRBAYES version 3.1 (Huelsenbeck & Ronquist, 2001) were used for ML and BI analyses, respectively. The appropriate nucleotide substitution models for the first-, second-and third-codon and for the first-and second-codon datasets were selected by the hierarchical likelihood ratio test (hLRT) in MODELTEST version 3.5 (Posada & Crandall, 1998) . The ML tree was reconstructed with the nearest neighbour index tree searching method in PAUP* 4.0b10 (Swofford, 2002) . Nodal supports were estimated with 100 non-parametric bootstrap replicates using PAUP. Bayesian analyses were performed by running four simultaneous Metropolis-coupled Markov chain Monte Carlo (MCMC) simulations for 50610 6 generations and sampling every 100 generations. All trees below the observed stationary level were discarded, resulting in a 'burn-in' of 50 000 generations. The convergence of trees was checked using Tracer version 1.4 , and the resulting trees were used to generate a majority consensus tree with posterior probability values. Mean genetic distances among the sublineages of BCRV were estimated based on the Tamura-Nei model of nucleotide substitution implemented in MEGA version 4 (Tamura et al., 2007) . Using the same program, standard errors of the distance estimates were calculated with 1000 non-parametric bootstrap replicates. We estimated genetic distances between the two BCRV lineages and WEEV (GenBank accession nos DQ393793 and DQ393794) and Highlands J virus (HJV; GenBank accession no. AF339476) using the same Tamura-Nei model and the same 2076 bp region of the genome in WEEV and HJV.
We used a Bayesian MCMC approach implemented in BEAST version 1.4.4 that utilizes the number and temporal distribution of genetic differences among viruses sampled at different times to estimate the evolutionary change for each lineage (Drummond et al., 2002 (Drummond et al., , 2006 . The overall substitution rate (nucleotide substitutions per site per year) of each lineage was estimated using the Bayesian skyline model, with a relaxed (variable) molecular clock (uncorrelated log-normal model) implemented in BEAST. Bayesian skyline plots with 10 grouped intervals were reconstructed to infer demographical history. The Bayesian skyline plot is a powerful new method of estimating past population dynamics that does not rely on pre-specified parametric models and works well with small sample sizes (Drummond et al., 2005) ; this approach is being used increasingly in studies of virus population dynamics (e.g. Moratorio et al. 2007; Romano et al. 2007; Kitchen et al., 2008) . Phylogenies were evaluated using a chain length of 100 million (lineage A) and 150 million (lineage B) states under the HKY85+C 4 substitution model, with uncertainty in the data reflected in the 95 % high-probability density (HPD) intervals.
To examine potential temporal structure of BCRV, we calculated the proportion of isolates of each unique haplotype occurring by year and superimposed these on the first-, second-and third-codon phylogeny. To control for site-related differences, we also compared sequence similarity between (i) isolates collected from Colorado at the same colony site in 1974-1975 versus 2006, (ii) isolates collected from Oklahoma at the same colony site in 1981-1983 versus 2006, and (iii) isolates collected from Nebraska at three of the same colony sites in 1998 versus 2006.
RESULTS
For the first-, second-and third-codon position dataset, the most appropriate nucleotide substitution model was the Tamura-Nei model with equal frequencies (TrNef) with the proportion of invariable sites (I)50.5084, and the gamma distribution shape parameter (G)50.8526. For the first-and second-codon position dataset, the Kimura twoparameter (K80) model with I50.7024 and G50.7466 was the best fit. The first, second and third codon-based ML tree revealed the existence of two distinct lineages of BCRV (A and B) with three distinct sublineages for each (A1-A3 and B1-B3) in the western Great Plains. Isolates belonging to both lineages A and B were circulating within Nebraska (n5280 isolates) and Colorado (n522); samples from North Dakota (n519) contained only lineage B; and in Oklahoma (n521) only lineage A was found (Fig. 1) . Consistent with the first-, second-and third-codon tree, analyses based on only the first-and second-codon positions revealed the same lineages and sublineages within each (Fig. 2) . However, many of the unique sequences defined in the first-, second-and third-codon tree were collapsed within the first-and second-codon tree, indicating that the majority of the variation among the isolates within each sublineage could be attributed to the third-codon position. Both analyses (Figs 1 and 2) showed Fig. 1 . ML tree based on the first-, second-and third-codon positions of a 2076 bp structural glycoprotein coding region showing phylogenetic relationships among 177 unique isolates of BCRV from 342 isolates. The phylogeny revealed two distinct lineages (A and B) and sublineages (A1-A3 and B1-B3) associated with their geographical distribution within the Great Plains. Coloured dots indicate collecting sites (often multiple isolates were found at a site) and are keyed to their respective branches in the phylogeny. The phylogenetic position of FMV isolates is also shown. Nodal support (ML/BI) is given at the base of each node. The midpoint rooting of the tree is for purposes of clarity.
that the Fort Morgan strain of BCRV belonged to two sublineages (A1 and A2).
Estimated genetic distances (in percentage of nucleotides) among the different sublineages (Table 1) reflected the sublineages' geographical proximity. For example, the genetic distance between sublineages A1 and A2 was smaller than that between A1 and A3 or between A2 and A3 ( Table 1 ). The genetic distance between sublineages B1 and B2 was smaller than that between B1 and B3 or between B2 and B3 ( (Fig. 3a) , whereas lineage B showed an increase that began about 15 years ago, followed by a relatively sharp Fig. 1 collapsed here, suggesting that within each lineage, variation among the isolates is due mostly to rapid evolution of the third-codon position. The phylogenetic position of FMV isolates is also shown. Nodal support (ML/BI) is given at the base of each node. The midpoint rooting of the tree is for purposes of clarity. return recently to population levels characteristic of those before the increase (Fig. 3b) .
Within lineages A1 and B1 especially, which came largely from sites in the south-western Nebraska study area, there was little evidence for temporal clustering of multiple isolates of the same haplotype (Fig. 4) . However, detection of temporal clustering can be affected by unequal geographical sampling between years, especially if there is spatial structure. Among sites that were represented both early and later in the study, the Colorado samples (n56) from 1974 to 1977 ('FMV') belonged exclusively to lineage A, whereas isolates from the same colony site in 2006 were all lineage B (n515). Oklahoma samples all taken from the same bridge in 1981-1983 and again in 2006, though of the same lineage, had diverged to the point that no haplotypes from the 1980s were found 25 years later at the same site (see lineage A3 in Fig. 4 ). For three Nebraskan colony sites sampled 8 years apart, only 14.3 % of the haplotypes detected at those sites (n521) were shared between 1998 and 2006 (Table 2) .
DISCUSSION
The analyses reported here suggest that the two lineages of BCRV in the western Great Plains have latitudinally distinct geographical ranges that overlap in some areas and somewhat different demographical histories. Within each lineage, there is clear spatial structure both regionally (this study) and at a more local level (Pfeffer et al., 2006; Brown et al., 2008) . There is some evidence that over the past 25-30 years, the predominant haplotypes at certain sites have changed, and in one case one lineage apparently replaced the other. Consistent with other analyses (Powers et al., 2001; Pfeffer et al., 2006) , we found strong support for Fort Morgan virus being a strain of BCRV confined to north-eastern Colorado.
The genetic distances between the two BCRV lineages and their most closely related congeners (HJV and WEEV) suggest that the two main BCRV lineages are of roughly similar age and do not permit conclusions as to whether one is ancestral to the other. Despite the monophyly of each BCRV sublineage (Fig. 1 ), the genetic distances among different sublineages were relatively small; those among the sublineages of B were smaller than those among the sublineages of A (Table 1 ). This finding suggests that the sublineages have only diverged recently from a common ancestor, a conclusion also supported by estimated TMRCA values of 80 and 59 years for the A and B sublineages, respectively. That the current sublineages evolved relatively recently is perhaps not surprising given the fast rates of evolution in RNA viruses (Moya et al., 2004) . The phylogenetic analyses based on the first-and second-codon positions confirm that the sublineages are distinct and suggest that the divergence of the sublineages is probably due mostly to changes in the first-and secondcodon regions. The genetic difference between the sympatric sublineages A1 and A2 was equivalent to that seen among geographically separated lineages of the related WEEV in California using the same E2 region of the genome (Kramer & Fallah, 1999) , suggesting that BCRV sublineages, even within the same geographical area, are relatively well differentiated genetically.
BCRV shows strong phylogeographical structure within the western Great Plains, with a more southerly lineage (A) and a more northerly lineage (B) both showing three sublineages that are themselves somewhat latitudinally distinct. Lineages A and B co-circulate within Colorado and Nebraska, at times within swallow bugs from the same cliff swallow colony site. The available data suggest that north-eastern Colorado and south-western Nebraska are near the northerly and southerly limits of the ranges of lineages A and B, respectively, although this conclusion is tentative until additional samples are taken from other localities within the Great Plains. Little work has been done on BCRV at other locations. We searched for BCRV in Texas in 2006, finding none by RT-PCR in 48 100-bug pools analysed from south central Texas and 39 from east Texas. Recently, BCRV of an undetermined lineage was isolated from swallow bugs in California (W. K. Reisen & A. C. Brault, personal communication) . The virus is apparently associated closely with cliff swallows and their ectoparasitic bugs, and it should be searched for throughout the bird's wide North American breeding range. In particular, the lineage distributions would be clarified with BCRV samples from Kansas and South Dakota because, based on the phylogeographical pattern (Fig. 1) , those regions might contain any of the lineages/sublineages except perhaps B3 and A3, respectively.
Our results for BCRV generally match those found for other alphaviruses, many of which exhibit multiple lineages. There are both geographically distinct lineages of WEEV in North America and ones that apparently cocirculate in certain areas (e.g. California), although much of what we know about the geographical distribution of the WEEV lineages is based on single or a few isolates taken in some cases many years apart (Weaver et al., 1997; Kramer & Fallah, 1999) . Sindbis virus (SINV) and Ross River virus (RRV) both have multiple lineages, with RRV lineages showing (as in BCRV) partial geographical separation (Lindsay et al., 1993) and SINV lineages exhibiting both temporal and geographical separation (Norder et al., 1996; Sammels et al., 1999) . Chikungunya virus in Africa has multiple lineages that are largely separate geographically (Powers et al., 2000) . In HJV, some evidence indicated multiple lineages within North America, but conclusions were hampered by small sample sizes (Cilnis et al., 1996) . In contrast, Eastern equine encephalitis virus in North America and Barmah Forest virus in Australia each exist as a single, genetically conserved lineage with relatively little geographical and temporal structure (Poidinger et al., 1997; Brault et al., 1999) .
In general, the selective pressures causing the evolution and differentiation of alphavirus strains are not well known despite considerable speculation as to various ecological factors that might be responsible (Weaver et al., 1992 (Weaver et al., , 1994 . In the case of BCRV, the latitudinal differences in the distribution of the two lineages may reflect adaptation to different climatic regimes. Climate is the most obvious ecological variable that differs among these geographical regions. Although we would need information on how the lineages differ in their non-structural genes to address potential differences in temperature tolerances, BCRV in general appears well suited to overwintering at relatively high temperate latitudes. It has been isolated routinely from bugs in abandoned swallow nests in mid winter in Nebraska when temperatures can be below freezing for extended periods (Strickler, 2006) . Perhaps lineage B is better suited to surviving prolonged winter cold in northerly localities such as North Dakota. All isolates in this study came from swallow bugs, so the phylogeographical structure is apparently not related to geographical differences in vector type or abundance. Similarly, the presumed vertebrate hosts for BCRV (cliff swallows and house sparrows) are found throughout the Great Plains, with no latitudinal differences in host availability known for either of these species.
We did not find statistical evidence for a difference in the evolutionary rate of the two lineages, as measured by nucleotide substitutions per site per year. However, the upper bound (of the 95 % HPD) for lineage A was considerably higher than for lineage B. If lineage B has a slower evolutionary rate, this could be because the relatively harsh climatic regime of the more northerly locations (e.g. North Dakota) constrains its evolution. In other alphaviruses, tropical lineages have higher evolutionary rates than their more temperate lineages (Weaver et al. 1994; Cilnis et al. 1996) , perhaps because lower ambient temperatures in temperate areas reduce activity of the viruses' poikilothermic vectors and thereby shorten the transmission season and number of replication cycles (Weaver et al., 1997) .
Collectively the evolutionary rates measured for each BCRV lineage were broadly similar to those reported for other RNA arboviruses and for alphaviruses in particular, in which evolutionary rates are relatively low and presumably constrained by the viruses' alternating replication cycles in invertebrate vectors and vertebrate hosts (Weaver et al., 1992 (Weaver et al., , 1997 Cooper & Scott, 2001; Jenkins et al., 2002) . Interestingly, the evolutionary rates for both BCRV lineages were about twice that of the related alphavirus, HJV, which also occurs in strictly temperate latitudes of North America but is presumably vectored only by mosquitoes (Cilnis et al., 1996) . This might reflect vector differences between swallow bugs and mosquitoes. Because swallow bugs undergo five instar stages and are longer-lived than mosquitoes, BCRV might have more replication cycles in its vector prior to transmission to a vertebrate host, leading to its higher evolutionary rate relative to strictly mosquito-borne alphaviruses.
Within the BCRV lineages, evolutionary rates (more akin to those of WEEV; Weaver et al., 1997) are sufficiently fast that the predominant haplotypes at a site are diverging over periods of 25 years and apparently in some cases in as few as 8 years. This sort of temporal structure may reflect in part the sedentary nature of the swallow bug, the virus's principal vector, with the virus not being widely dispersed to or from a given site between years and thus not being likely to continually mix with nearby haplotypes. Virulence of this virus may have also changed with time. Hopla et al. (1993) reported over 250 isolates of BCRV from its type locality in west central Oklahoma in the early 1980s, all of which were identified by plaque assay (and thus all were cytopathic on vertebrate cells). In contrast, only one of the BCRV isolates we identified by RT-PCR from the same site~25 years later (n532) exhibited any plaque growth (C. R. Brown, A. T. Moore, V. A. O'Brien & N. Komar, unpublished data) , and thus most would not have been identified as even being present using 1980s plaque-assay screening. (Sauchyn et al., 2003; Anonymous, 2006) , which may have also affected virus or vector populations in unknown ways. Rapid extinction of lineages is known in alphaviruses: in WEEV, one of two North American lineages that diverged from a common ancestor only about 100 years ago has not been detected since 1972, suggesting that it may have disappeared (Weaver et al., 1997) .
The phylogeography and evolution of BCRV in the western Great Plains could probably be understood better once we determine how these lineages differ from each other ecologically. In Nebraska where both occur, there is increasing evidence that the lineages may differ in their cytopathogenicity, in what sort of colony sites they are most likely to occur in, to what extent their genetic diversity at a site is affected by immigration of infected vectors to that site, when in the season they are most prevalent, and possibly in the extent to which they replicate in vertebrate hosts (Brown et al., 2008; V. A. O'Brien & C. R. Brown, unpublished data) . The phylogeographical and demographical patterns we document here may either reflect the emergence of two distinct strains of BCRV in the Great Plains, each adapted to different ecological niches, or portend the replacement of one by the other.
